Summary. -Infectious bursal disease (IBD) virus causes a highly contagious immunosuppressive disease in chickens. A total number of 12 pooled bursal samples were collected during 2014-2015 from broiler farms in diff erent regions of Iran. Typical macroscopical and histopathological lesions of the bursa of Fabricius were found similar to reports by other researchers. A 474-bp part of hypervariable region of VP2 (hvVP2) was sequenced and analyzed. Ten isolates had the characteristic amino acid residues of very virulent IBD (vvIBD) viruses and the other two were identifi ed as attenuated (vaccine) strains. Th e vvIBD isolates had a unique G to S mutation at position 254, compared to other Iranian vvIBD isolates. Two attenuated isolates had the mutation 253Q, not found in D78 strain, creating virulent variant of vaccine strains. Degree of similarity among the studied vvIBD isolates was relatively high (97.6-100%), proposing a common ancestor for them. However, they were partly diff erent from previous Iranian and neighbor countries' isolates (96.2-97.3% similarity to Shiraz isolate and 95.7-96.7% to Iraq and Turkey isolates). In phylogenetic analysis, the studied vvIBD isolates classifi ed as a separate subgroup in the group of isolates from Iran and neighbor countries. More studies on genetic and antigenic characteristics of these isolates as well as probable modifi cations in their pathogenicity are needed to evaluate the signifi cance of the mentioned diff erences.
Introduction
Infectious bursal disease (IBD), traditionally named as Gumboro disease, is an important immunosuppressive disease of chickens, depleting premature B lymphocytes in the bursa of Fabricius (Lasher and Shane, 1994) . Although there is a long history of the disease since its fi rst discovery in the USA in 1962 (Cosgrove, 1962) , IBD is currently widespread in poultry farms all over the world, also in Iran. Th e fi rst report of IBD in Iran dates back to 1981 (Aghakhan et al., 1996) .
IBD virus is a non-enveloped, double-stranded RNA virus, classifi ed based on virulence into classical virulent, very virulent (vv) and subclinical variant (van den Berg et al., 2004) . Very virulent form of IBD was fi rst seen in Europe in 1989 ( Van den Berg et al., 1991) , causing up to 70% mortality in chicken fl ocks. Cases of vvIBD have been previously reported in Middle East countries, like Iraq (Amin and Jackwood, 2014) , Turkey (Ceribaci et al., 2014) , Egypt (Mohamed et al., 2014) , and Iran (Hosseini, 2004) .
Th e large segment of IBD virus genome (A) encodes four structural viral proteins: VP2, VP4, VP3 and VP5 (Becht, 1981) . VP2 has many serotype-specifi c antigenic sites responsible for induction of protective immunity against IBD virus (Snyder et al., 1988) . Th e variable domain of VP2 segment is changed by a high rate of mutation, especially in the hypervariable region (hvVP2), altering amino acid residues responsible for antigenic variation. Th e hvVP2 region has major and minor hydrophilic peaks, in which amino acid residue changes may result in antigenic diversities (Vakharia et al., 1994) . Th e region has been used for pathotypes diff erentiation and phylogenetic analysis of IBD viruses (Jackwood, 2004) . Hence, it is not surprising that scientists around the world have been focusing on molecular characterization of VP2 gene, particularly its hypervariable region (Bayliss et al., 1990; Amin and Jackwood, 2014; Jenberie et al., 2014) .
On the other hand, pathotype of vvIBD is not only concerned with the sequence of hv VP2 region, but also with the VP1 gene in segment B (Le Nouën et al., 2006) . Th erefore, a complete understanding of molecular basis of pathogenicity of IBD virus needs the identifi cation of this part of the virus genome.
So far, diff erent kinds of vaccines have been widely used to control IBD outbreaks in poultry farms of Iran. Nevertheless, outbreaks of IBD have occurred in vaccinated fl ocks, particularly in recent years. One probable reason is that strains with new antigens can escape the protection induced by commercially available vaccines (Jackwood et al., 2001) . Interestingly, most of recent vvIBD cases in diff erent regions of Iran have not resulted in a high mortality rate, which is typical of vvIBD outbreaks in the fi rst years of its emergence (Hosseini, 2004) . Our aim was to investigate the up to date situation of vvIBD in broiler farms of Iran, based on molecular characteristics of the hvVP2 region.
Materials and Methods
Necropsy and histopathology. A total number of 12 pooled bursal samples were collected during 2014-2015 from broiler and layer farms in diff erent regions of Iran. At necropsy, tissue specimens were collected and fi xed in 10% neutral buff ered formalin for histopathological studies. Fixed tissue samples were further processed, embedded in paraffi n, sectioned, stained with hematoxylin and eosin (H&E) and then studied microscopically.
RNA extraction and RT-PCR. Th e virus RNA was extracted using RNeasy Mini Kit (Qiagen, Germany), according to the manufacturer's instructions. Reverse Transcription (RT) was performed with RevertAid First Strand cDNA Synthesis Kit (Th ermo scientifi c, Canada). For PCR, primers B3 (5'-CCCAGAGTCTACACCATA-3') and B4 (5'-TCCTGTTGCCACTCTTTC-3') were used to amplify the hypervariable sequence in hvVP2 (474-bp region) (Lin et al., 1993) . Th e PCR was conducted at 95°C for 2 min, followed by 35 cycles at 95°C for 1 min, 53°C for 90 s, 72°C for 1 min. At the end of amplifi cation cycles, a fi nal extension at 72°C for 7 min was done. Th e reaction mixture was composed of 5 μl of cDNA, 2 μl of forward and reverse primers (each 20 pmol), and 25 μl of PCR master mix (CinnaGen, Iran). PCR products were subjected to electrophoresis in a 1% (w/v) agarose gel and DNA fragments of the expected length were extracted and purifi ed with the GeneJET Gel Extraction Kit (Th ermo scientifi c, Canada). Purifi ed samples were sent for nucleotide sequencing (Bioneer, South Korea). Th e acquired Acc. Nos. of sequences from GenBank were: KU532133 to KU532143, KX017536 and KX017537.
Sequence and phylogenetic analysis. Nucleotide and deduced amino acid sequences were edited with the EditSeq program, version 5 (DNASTAR Inc., USA). Pairwise sequence alignments were performed with the Clustal W alignment algorithm using the MegAlign program, version 5 (DNASTAR Inc.), on the obtained sequences and some other hvVP2 sequences of IBD isolates available in GenBank. Sequence similarities and phylogenetic relationships of diff erent isolates were also studied with the MegAlign program.
Results

Necropsy and histopathological analysis
Studied chicken fl ocks suff ered from depression, diarrhea, ruffl ed feather, etc. In gross pathology, variable degrees of nephritis, hepatomegaly, bursal hemorrhage and, particularly when the disease proceeded, airsacculitis, pericarditis, perihepatitis and bursal atrophy were seen. Mortality rate in all farms was less than 20% (Table 1) .
Histopathological analysis of the bursa revealed degeneration and necrosis of B lymphocytes in medullary region of bursal follicles, presence of depleted follicles, depleted lymphocytes were replaced by heterophils and debris cells. Histopathological changes in some of the aff ected bursa of Fabricius mainly showed distended interfollicular spaces with infl ammatory cell infi ltration, hyperemia and mild to moderate follicular atrophy. Presence of cysts in the follicles was also evident. Sections of spleen revealed lymphocyte depletion in splenic lymphoid follicles and heterophils invasion. Degeneration of hepatocytes in the livers and tubular cell necrosis in the kidneys were also observed (Fig. 1) .
Sequence analysis
A total number of 10 studied isolates were classifi ed as vvIBD virus according to their hvVP2 sequences, and two other isolates were classifi ed as attenuated (vaccine) strains (Table 1) . Isolates IR/H1396.1/15, IR/H1396.2/15, IR/ H1396.4/15, IR/H1396.5/15 and IR/H1396.6/15 were identical to each other (100% of similarity), but were relatively diff erent from isolates IR/H1446.7/15 and IR/H1446.9/15 (97.6-97.8% of similarity). Th e similarity between two attenuated isolates was 96.1%. Nucleotide similarity between the vvIBD isolates and attenuated isolates ranged from 89.1% to 92.4%. Degree of similarity between studied Iranian vvIBD isolates and vvIBD isolates from other countries was from 95.2 (BJ2012.1 from China) to 96.9% (UPM9204 from Malaya).
In comparison of the deduced amino acid sequences of studied vvIBD isolates, there was a similarity between 98 and 100%. Th e well-known markers of the very virulent pathotype, including amino acid residues A222, I242, I256, I294, and S299, were present in the hvVP2 sequence of studied vvIBD isolates. Th e isolates lacked antigenically atypical vvIBDV characteristic amino acid residues, L324 and V321 (Eterradossi et al., 1998) . Th e attenuated IBD isolates contained amino acid sequences concerned with propagation in cell culture (N279 and T284) (Brandt et al., 2001) . Compared to D78 vaccine strain, hvVP2 sequences of the two attenuated isolates were similar, except for having a 253Q residue similar to vvIBD strains. No mutation at the major hydrophilic peak B, minor hydrophilic peak 1, minor hydrophilic peak 2, minor hydrophilic peak 3 and serine-rich heptapeptide motifs of the hvVP2 segment of the sequenced vvIBD isolates was seen, compared to the reference strain UK661. Interestingly, the mutation 254 G→S was common among vvIBD isolates in this study, compared to UK661 and other Iranian vvIBD isolates.
Phylogenetic analysis
Using BLAST [http://blast.ncbi.nlm.nih.gov/Blast.cgi], the nucleotide sequences of Iranian isolates obtained in this study were evaluated to fi nd other IBD isolates with highest identity. Th e phylogenetic relationship among IBD isolates with high nucleotide identity to the studied isolates and other well-known very virulent, classical, variant and attenuated IBD strains was determined using the Clustal W method (Fig. 2) . Almost all of Iranian IBD isolates, including most of those sequenced in this study, fell into a distinct sublineage in the vvIBD lineage in the class of serotype 1, next to the reference isolate UK661. Some other Iranian isolates were classifi ed beside the D78 vaccine strain, named as attenuated (vaccine) strains (Fig. 2) . In the phylogenetic tree, Iranian vvIBD isolates are divided in two main subgroups. First subgroup consists of some isolates, mostly older ones, close to isolates from neighbor countries, like Iraq and Turkey (97.7-98.7% of similarity). Th e second subgroup, in which mostly new Iranian isolates are placed, is more distant from neighbor countries' isolates Phylogenetic tree of the studied IBD isolates and other Iranian, reference and vaccine strains Th e tree constructed by Clustal W method is based on the nucleotide sequence of hvVP2. Numbers at the nodes indicate the bootstrap confi dence values calculated using 1000 boot strapping replicates. Acc. Nos. are shown in parenthesis.
(95.7-97.2% of similarity). More classifi cations are seen in this subgroup. Surprisingly, Iranian vvIBD strains (SDH1, D2249211, Ghorashi1 and IR398) were closely related to a very virulent isolate (UPM9204) from Malaya (99-99.6% of similarity). On the other hand, four Iranian isolates, including two of our sequenced isolates (IRH1446215 and IRH14461015) were clustered with the lineage of D78 vaccine strain.
Discussion
We gathered samples from IBD suspected outbreaks in broiler and layer farms from diff erent regions of Iran during 2014-2015, thereby vvIBD strains circulates around the country. Typical macroscopical and histopathological lesions of the bursa of Fabricius were found similar to reports by other researchers (Hoque et al., 2001; Guvenc et al., 2004; Islam et al., 2008) . Histopathological characteristics were concerned with a signifi cant immunosuppression in aff ected fl ocks. However, mortality rates in the studied fl ocks are much lower than expected for vvIBD.
Th e sequence analysis revealed that ten isolates sequenced in this study had genetic characteristics related to vvIBD strains. vvIBD isolates from this study had a G to S mutation at position 254. Th e mutation was unique compared to other Iranian vvIBD isolates. Some studies on vvIBD strains in other countries have shown that mutations in hvVP2 region have been continued hereditarily to next generations and becoming stable in the populations (Xu, 2015) . Hoque et al. (2001) reported that presence of 254S mutation in a Malayan IBD isolate (94/273) was accompanied with lesser virulence (mortality rate 10% in SPF chickens). Th ey suggested that the isolate should be assumed as a classical virulent IBD virus, in spite of possession of vvIBD characteristic amino acids. Actually, no one of broiler fl ocks, from which the bursal samples were collected, had mortality rates higher than 20%. Currently, the only acceptable measure for identifi cation of the vvIBD pathotype is mortality rate in SPF chickens (van Den Berg et al., 2004) . Another notifi able mutation in one of the vvIBD isolates (IR/H1446.2/15) and the two attenuated strains (IR/H1446.2/15, IR/H1446.10/15) is 270 A→T. Th is mutation has been found in the serotype 2 (OH strain) and the Cu1 strains. On the other hand, the Malayan isolate (94/273) also had that amino acid substitution at position 270 from A to E. It is possible that both mutations are, at least partly, responsible for low mortality rate of vvIBD viruses circulating in Iranian broiler farms.
According to the phylogenetic analysis, Iranian vvIBD isolates are placed in a separate group, close to isolates from neighbor countries, although there are more classifi cations in that group. Most of recent Iranian vvIBD isolates, including the studied isolates, fell into an apart subgroup. Th e degree of genetic similarity of hvVP2 segment among the isolates sequenced in this study was relatively high (97.6-100%), suggesting a common ancestor for all vvIBD viruses circulating in poultry farms of Iran today.
Considering the fact that studied isolates were gathered from diff erent geographical regions of Iran, there was no relationship between geographical origin and genotype of the isolates. Genetic stability of the hvVP2 segment has been detected in Nigeria (Owoade et al., 2004) and Italy (Martin et al., 2007) , because of low immune pressure or a static virus source (Owoade et al., 2004) . However, when the range of comparison is prevailed, it is revealed that new Iranian isolates are partly diff erent from older Iranian and neighbor countries' isolates (96.2-97.3% similarity to Shiraz isolate and 95.7-96.7% to Iraq and Turkey isolates). Th e studied isolates also had the same degree of similarity to the reference vvIBD strain (UK661) and a Malayan strain (UPM9204) (96.7-96.9%). Hence, it could be concluded that recent Iranian vvIBD strains are relatively diff erent from the previous ones, necessitating a more detailed molecular and biological evaluation of these isolates.
Among sequenced IBD viruses, two were phylogenetically related to vaccine strains like D78 (genetic similarity 96-98.7%). It would be logical to consider them as derivatives of D78 vaccine strain, while they have been isolated from broiler farms with gross pathological signs in the bursa. Th reonine at position 284 and glutamine at position 253 are typical for vaccine strains (Brandt et al., 2001) . It is documented that only a single point mutation at position 253 (N or Q) has created virulent variants of D78 vaccine strain (Brandt et al., 2001) . Th e mentioned mutation (253Q) was seen in the two vaccine isolates. Such virulent variants of D78 vaccine strain, like GA-1, have been isolated from vaccinated fl ocks, particularly if the manufacturers' protocol has not been considered (Jackwood et al., 2008) . Th e problem is quite common among poultry farmers in Iran. Th erefore, it is of value to determine if the amino acid mutation in those two vaccine isolates is related with virulence reversion or not.
In conclusion, results of the present study revealed a widespread existence of very similar strains of vvIBD in poultry farms of Iran, diff ering to some extent from previous Iranian isolates available in GenBank. Particularly, they have new mutations in the hvVP2 region, which seems to become stable in Iranian vvIBD viruses. Some of those mutations might be associated with low mortality rates of vvIBD outbreaks in Iranian poultry fl ocks. More comprehensive studies on genetic and antigenic diff erences of new and previous isolates as well as probable modifi cations in their pathogenicity are needed to evaluate the signifi cance of those changes.
